Diagnosis of encephalitic bovine herpesvirus type 5 (BHV-5) infection in cattle:
virus isolation and immunohistochemical detection of antigen in formalin-fixed bovine brain tissues Jean M. d'Offay, Ray W. Ely, Charles A. Baldwin, Delbert L. Whitenack, Ernest L. Stair, James K. Collins Three distinct subtypes of bovine herpesvirus type 1 (BHV-1) are recognized in the United States: a respiratory subtype (BHV-1.1), a genital subtype (BHV-1.2), and an encephalitic subtype (BHV-1.3). 7, 12 The encephalitic BHV-1.3 subtype has recently been reclassified into a different type and is now known as bovine herpesvirus type 5 (BHV-5). 14 BHV-1.1, more commonly known as infectious bovine rhinotracheitis virus, is associated primarily with bovine respiratory disease. 12 However, it can very infrequently cause fatal encephalitis in cattle. 3, 7, 12 BHV-5 infection is associated primarily with fatal encephalitis in cattle. 5, 7, 10, 11 This virus has been isolated only twice from US cattle, and both isolates have originated from Texas; one isolate was recovered from a calf that died during an epizootic of bovine encephalitis in 1974, and the other was from a feedlot steer that died with acute encephalitis in 1979. 7 We report here the isolation and characterization of another BHV-5 isolate (OK-92) recovered from the brain tissue of a l-year-old Charolais-cross heifer (case 407) submitted to the Oklahoma Animal Disease Diagnostic Laboratory (OADDL) in 1992. We also describe the immunohistochemical detection of BHV-5 in the formalin-preserved paraffinembedded brain tissue of a second animal, a 4-year-old cow (case 649) that died of encephalitis in 1984.
Both fresh and formalized tissues were submitted in case 407. Microscopic examination revealed a severe nonsuppurative encephalitis with moderate to severe multifocal perivascular infiltrates of mature macrophages and lymphocytes within the cerebral hemispheres, midbrain, and brain stem. Foci of mild gliosis were scattered throughout the neuropil. Occasional foci of neuronal degeneration and necrosis characterized by shrunken acidophilic cytoplasm and pyknotic nuclei were present. Intranuclear acidophilic inclusion bodies were abundant within neurons and glial cells ( Fig. 1) .
Although the presence of intranuclear inclusions suggested a herpesviral encephalitis, fresh brain tissue was negative for BHV-1 by the direct fluorescent antibody (FA) test utilizing fluorescein-conjugated polyclonal anti-BHV-1 serum. a However, when suspensions of brain tissue were inoculated onto Madin Darby bovine kidney (MDBK) cell cultures, cytopathic effect (CPE) suggestive of α-herpesvirus CPE was noted on third passage. Infected cells were positive for BHV-1 antigen by the direct FA test. The isolate (OK-92) was further propagated on MDBK cells, viral DNA was extracted, and the restriction endonuclease (RE) migration pattern was determined as previously described. 7 Viral DNA was digested with RE enzymes HindIIIb and BstEII b according to the manufacturer's instructions. The RE-generated DNA fragments were separated by electrophoresis in 0.5% agarose gels containing ethidium bromide (0.5 µg/ml), using a horizontal gel unit,' visualized by UV transillumination, and photographed. Figure 2 shows the RE migration patterns of OK-92 as compared with those of other bovine herpesviruses: BHV-1.1 (Cooper strain), d BHV-1.2, 7 and 2 known BHV-5 isolates (30326 and TX-89). 7 Digestion with HindIII (lanes 2-7) resulted in patterns for 30326 (lane 3) TX-89 (lane 4), and OK-92 (lanes 5, 6) that were similar to one another but very different from those for BHV-1.1 (lane 2) and BHV-1.2 (lane 7). The pattern for OK-92 is typical of that reported for BHV-5. 4,7,9 Plaque purification did not alter the OK-92 RE migration pattern (lane 6). Digestion with BstEII (lanes 9-11) also resulted in a migration pattern for the newly isolated OK-92 that is similar to those of the 2 other US BHV-5 isolates, although some minor differences can be seen in the migration rate of some low-molecular-weight viral DNA fragments. The BstEII migration patterns for BHV-1.1 and BHV-1.2 are very similar yet markedly different from that of BHV-5. 9 More importantly, the BstEII migration patterns of the Australian (N-569) and the Argentine (A-663) BHV-5 isolates are different. 9 The BstEII migration pattern of the 2 US BHV-5 isolates (30326 and TX-89) resembles that of the Australian isolate.' Formalin-fixed, paraffin-embedded brain tissue from case 407, which showed histopathologic evidence of virus replication, e.g., sites with neuronal degeneration, inclusion bodies, and perivascular inflammatory infiltrates, were stained using the avidin-biotin complex (ABC) immunoperoxidase (IPX) staining method. e Formalin-fixed, paraffin-embedded brain tissues from other cases of bovine encephalitis, brain tissue from a noninfected calf, and liver and lung tissue from an aborted bovine fetus diagnosed with BHV-1.1 infection were also used. The IPX procedure was according to manufacturer's protocol but with slight modifications. Tissues were sectioned at 5 µm, deparaffinized, rehydrated, and then immersed in 3% hydrogen peroxide solution. They were then digested with proteinase K b (25 µg/ml in TE buffer [10 mM Tris, 5 mM ethylenediaminetetraacetic acid (EDTA)], pH 8.0) for 8 minutes at 37 C. After blocking with 5% normal goat serum diluted in Tris-buffered saline (TBS) buffer, diluted rabbit hyperimmune antiserum (anti-BHV-1, anti-BHV-5, or negative antiserum) was added to the tissue sections and incubated for 60 minutes at 37 C. All washes were performed with TBS containing 1 mM EDTA and 0.5% Tween 20. The peroxidase substrate solution was amino-9-ethylcarbazole diluted as per manufacturer's instructions," and the counter stain was hematoxylin.
The hyperimmune antisera were obtained by injecting rabbits intramuscularly at 10-day intervals with BHV-5 (strain 30326) or BHV-1.1 (Cooper strain) mixed with incomplete Freund's adjuvant. Blood was collected every 10 days just prior to each immunization. Neutralizing antibody titers in the hyperimmune anti-BHV-1 and anti-BHV-5 sera were measured by a virus neutralization test (VNT) performed in microtiter plates. 8 Immunohistochemical staining of brain tissue in case 407 revealed moderate to extensive staining within neurons, glial cells, and macrophages when anti-BHV-5 serum was used as primary antibody. Figure 3 shows the deposition of substrate within the cytoplasm and nuclei of pyramidal neurons in the cerebral cortex. Immunostaining was intracellular and not observed in all brain sections examined. Viral antigen was concentrated in the cerebral cortex mainly and not dispersed uniformly throughout the central nervous system (CNS). Brain tissues from an uninfected calf and from other cases of bovine encephalitides did not show evidence of staining. Infected tissue sections (case 407) treated with normal rabbit serum did not stain.
When anti-BHV-1 serum was used as primary antibody in the IPX procedure, immunostaining of the BHV-5-infected neuronal and glial cells was almost imperceptible (data not shown). However, when used on the BHV-1-positive tissue, immunostaining of infected liver and lung cells was very noticeable. This apparent low affinity of the anti-BHV-1 antibody for BHV-5 antigen in the infected formalin-fixed brain tissue was surprising because this same anti-BHV-1 serum could not serologically distinguish between BHV-1 and BHV-5 in the VNT; it had a titer of 64 against BHV-1 and 32 against BHV-5. Serologic cross-reactivity between BHV-1 and BHV-5 has also been reported by others. 1, 13 The severe nonsuppurative inflammation and presence of intranuclear inclusions within neurons and astrocytes seen in the CNS of this heifer are typical of the lesions seen in natural and experimental cases of BHV-5 encephalitis. 2, 5, 10, 11, 15 Histopathologic examination of case 407 revealed lesions similar to those that had been observed in some cases of nonsuppurative non-rabies bovine encephalitides submitted to the OADDL in past years. Such cases had typically failed to yield an etiologic diagnosis. One case (no. 649) in 1984 involved a 4-year-old Beefmaster-cross cow. The cow was submitted live and showed signs of CNS disturbance, including an inability to retract its tongue.
A histopathologic diagnosis of severe, widespread, nonsuppurative encephalitis was reported for this case. Several acidophilic intranuclear inclusions were noted within astrocytes and in nuclei of degenerating neurons. Although the lesions suggested a herpesviral encephalitis, the direct FA tests performed on fresh brain tissue at the time of submission were negative for BHV-1, rabies virus, and pseudorabies virus. Virus isolation attempted at the OADDL and at the National Veterinary Services Laboratory (NVSL) was negative, and the FA tests performed on the inoculated cell cultures at NVSL showed no evidence of infection with bovine viral diarrhea virus, BHV-1, BHV-2, BHV-4, or bovine enteroviruses 1-7.
When the IPX procedure was performed on formalin-preserved, paraffin-embedded brain tissue from case 649, extensive specific staining was noted within astrocytes, neurons, and macrophages in the perivascular infiltrates when anti-BHV-5 serum was used as primary antibody. However, little immunostaining was noted when anti-BHV-1 serum was used as the primary antibody. This result suggested an infection with BHV-5.
To confirm that the antigen detected in case 649 was BHV-5, monoclonal antibodies were utilized in an IPX procedure. Two monoclonal antibodies (MAbs) were used: H2, which recognizes glycoprotein gI of both BHV-1 and BHV-5, and L6G, which recognizes only the BHV-5 gC and not the BHV-1 gC. The production and specificities of these MAbs have been described. 6 The IPX procedure was the same as previously described except that in this case the primary antibody was the MAb. Biotinylated goat anti-mouse antibody was the secondary antibody. Immunostaining of infected brain cells was observed with both H2 and L6G. Figure 4 demonstrates immunostaining of BHV-5-specific glycoprotein in neurons in cerebral cortex with L6G. This MAb did not bind to BHVl-infected cells. Immunostaining was not observed when nonspecific mouse ascitic fluid was used in the IPX procedure.
Although the IPX procedure detected BHV-5 antigen in formalin-fixed brain tissues, the FA tests failed to detect the viral antigen in fresh brain tissue. This result was not due to a failure of the FA test to detect BHV-5 because polyclonal anti-BHV-1 antibodies used in the FA test recognized OK-92-infected tissue culture cells. Rather, the IPX procedure, because of its various amplification steps, may be more sensitive than the FA test for detecting viral antigen.
Virus was not isolated from brain tissue in case 649 even though a widespread infection was suggested by the histopathologic changes and IPX staining. Although others have reported no difficulty in isolating BHV-5 from infected brain tissues of calves with BHV-5 encephalitis, delayed appearance of CPE and slowly growing strains of BHV-5 have been mentioned. 15 The isolation of OK-92 from brain tissue in case 407 required 3 passages in cell culture. Other factors that could have influenced the ability to isolate virus from the brain were a delay in processing the brain tissue, because of previous FA examination for rabies virus, and the temporal stage of infection. In a study investigating spread of BHV-5 to the CNS in calves, virus was isolated from the brain of calves on days 6, 8, and 11 after intranasal inoculation with strain N-569; however, BHV-5 could not be isolated from the brain 28 days after infection, although characteristic histopathologic changes were still present at that time. 2 The distribution and prevalence of BHV-5 in US cattle is not known. Its serologic prevalence has not been determined because the VNT cannot distinguish between BHV-1-and BHV-5-infected cattle. Like BHV-1, cattle might be the natural host of BHV-5, maintaining the virus by latent infection. 12 However, the incidence of BHV-5 infection in US cattle may be low because of the serologic cross-reactivity between BHV-1 and BHV-5. Cattle seropositive for BHV-1 may be partially protected from infection with BHV-5, and a high proportion of US cattle are seropositive for BHV-1, either through natural infection or by vaccination. It has also been suggested that BHV-5 might be a natural herpesvirus of zebu cattle or of another closely related ruminant and that fatal encephalitis develops only when European cattle are infected. 16 Although infection with the encephalitic BHV-5 has typically been associated with outbreaks or epizootics of encephalitis in younger calves, 7, 10, 11, 15 BHV-5 should also be considered in the differential diagnoses for sporadic bovine encephalitides, especially in cases where intranuclear inclusions are present in the CNS. However, BHV-5 is sometimes difficult or impossible to isolate even when the IPX clearly demonstrates presence of virus in brain tissue. Also BHV-5 may be incorrectly diagnosed as BHV-1 by the routine FA test. Had RE analysis of the viral DNA not been performed in case 407, an incorrect diagnosis of BHV-1 infection would have been reported as a result of the FA test. Because most diagnostic laboratories do not perform DNA RE analysis routinely, it is possible that BHV-5 infection in US cattle is being underreported. among the human population and vice versa. Field specimens from geographically diverse regions of North America need to be tested to determine the prevalence of human G types, such as G1, G2, and G3.
The objective of the present study was to develop an ELISA for the routine typing of rotavirus G1, G2, and G3 types in group A BRV-positive samples and to use it to test a large number of field samples from North America. For this study, 159 group A rotavirus-positive bovine fecal samples previously determined to be negative for G6 and G10 serotypes by ELISA were analyzed. 12 These samples were collected between 1988 and 1994 from diarrheic calves from Ohio, Michigan, South Dakota, Nebraska, and California and from Canada and have been previously described. 11, 12, 15 Known BRV-negative fecal samples from uninfected gnotobiotic calves were used as negative controls. 12 The samples were tested for group A rotavirus using the following techniques: ELISA, 13 immune electron microscopy (IEM), 17 polyacrylamide gel electrophoresis (PAGE), 26 and cell culture immunoflourescence. 24 Several rotavirus strains were used as reference controls to define the specificity of the MAbs. Human rotaviruses used were Wa and M37 (G1), DS-1 and 1076 (G2), M (G3), VA70 (G4), and 69M (G8). Animal rotaviruses were also used: simian, SA11 and RRV; porcine, Gottfried (G4) and OSU (G5); equine, HI (G5); bovine, NCDV Lincoln and IND (G6), and B223 and Cr (G10). These viruses were propagated in MA-104 cells as described previously 18 and had titers of 10 4 -10 8 fluorescent focus units (FFU)/ml. Some of the BRVpositive strains were passaged in gnotobiotic or colostrumdeprived calves, and the fecal specimens obtained from these animals were also used in the ELISA.
Three neutralizing MAbs, 5E8 (G1 specific), IC10 (G2 specific), and 4F8 (G3 specific), directed against rotavirus VP7 were used. a The presence of VP7 in the samples was detected using a nonneutralizing broadly reactive VP7 MAb, Common 60. a Ascites produced from SP2/0 myeloma cells
